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Power consumption estimating apparatus for a microprocessor 



(57) A power estimator to calculate the total power 
consumption of a microprocessor having a CPU 5, a 
main memory 1 and a plurality of cache memories 2, 3 
and 4 based on an assembler description of a proyam 
calculates power consumption values when an instruc- 
tion to be executed by the CPU 5 is read from a main 
memory 1 and when an instruction is read from the 
cache memories 2, 3 and 4 r and then distinguishes 



whether the instruction to be executed is read from 
which memory and then calculates the total power con- 
sumption for the microprocessor by using power con- 
sumption values for the memories based on the 
distinction result and the power consumption value 
obtained for each memory. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a power estimator for microprocessors having a plurality types of memories such 
as a main memory, cache memories and the like in order to estimate a power consumption of instructions to be exe- 
cuted by a microcomputer or a microprocessor based on assembler descriptions in a program. 

10 

3, pescription of the Related Art 

Recently, there is a strong trend toward miniaturization, portabilization and mobilization of electronic devices, in 
particular, personal-computers, by the recently great progress of the computer technology field and of the semiconduc- 
15 tor integrated circuit field. In this trend, the power consumption of a microprocessor and the increasing of the processing 
speed of the microprocessor become very important problems. In order to reduce the power consumption of the micro- 
processor, rt must be required to measure the power consumption of the microprocessor accurately. 

For example, the following literature describes the power consumption estimation method for microprocessors 
including software: 

20 "Power Analysis of Embedded Software: A First Step towards Software Power Minimization", Vivek Tiwari, 

Sharad Malik, Andrew Wolfe, IEEE-94, PR384-390, 1994. 

The power consumption estimation method disclosed in the above literature is the method to estimate the power 
consumption based on the types of instruct .vis to be executed actually by a microprocessor. That is, the power con- 
sumption of each of instructions to be execuied by a microprocessor is measured and stored into a memory in advance. 

25 Then, the total power consumption of the microprocessor is measured by applying the power consumption value of 
each of the instructions, which have been stored in the memory in advance, to instructions to be actually executed in 
assembler instruction level. 

As described above, there is the conventional power consumption estimation method used for microprocessors 
based on instructions in software programs. However, the conventional power consumption estimation method may 
30 estimate no power consumption of microprocessors in consideration for cache memories. 

That is, in the conventional power consumption estimation method, it is difficult to estimate the power consumption 
of microprocessors having cache memories by distinguishing it from the power consumption of microprocessors having 
no cache memories. 

In general, since the power consumptions of cache memories are changed based on their configurations such as 
35 the accessing speed and the memory sizes, the power consumption of the microprocessor is changed based on that 
the instructions are accessed from which type of the cache memory. 

However, the conventional power consumption estimation method can not distinguish both the power consumption 
of a microprocessor including cache memories and the power consumption of a microprocessor including no cache 
memories. That is, the conventional power consumption estimation method estimates that the power consumption val- 
40 ues of both the cases become the same value. Therefore there is the drawback in the conventional power consumption 
estimation method that it is difficult to estimate the power consumption of microprocessors in instruction level accuracy. 

SUMMARY OF THE INVENTION 

45 Accordingly, an object of the present invention is, with due consideration to the drawback of the conventional power 
consumption estimation method used for microprocessors, to provide a power estimator capable of estimating accu- 
rately the power consumption of microprocessors having a plurality types of memories in instruction level. 

In accordance with one aspect of the present invention, a power estimator for a microprocessor having a central 
processing unit (CPU) for calculating a power consumption during instruction execution in the microprocessor based on 

so assembler descriptions of instructions to be executed with a plurality of memories, the power estimator comprises cal- 
culation means for calculating a power consumption of each of the plurality of memories when an instruction to be exe- 
cuted by the CPU being read from this memory, distinction means for distinguishing one of the plurality of memories 
from which the instructions to be executed by the CPU are read, and power consumption calculation means for calcu- 
lating a total power consumption of the microprocessor by using the power consumptions, obtained by the calculation 

55 means, of the instruction, to be executed by the CPU, read from the plurality of memories distinguished by the distinc- 
tion means. 

As another aspect of the present invention, in the power estimator for a microprocessor described above, when the 
instructions to be executed by the CPU are transferred from a first cache memory forming the plurality of memories to 
the CPU, and at the same time, when maximum m-instructions (m is a positive integer) counted from the first instruction 
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to be firefly transferred from the first cache memory to the CPU are stored into a second cache memory tormina the 
plural* ol ^memones. an access speed of the second cache memory is htaher than the Z^iZ™ZeZZ*l 

8 T 0 ? * * e 8eCOnd memof y is smaller *• ^mory size of toe Scache meX 
and when the instructions stored in the second cache memory are read and transfened to the CP^fme sS 

fft ™ m ° ry ^ "° ' nStrUCti0n t0 be b * *e CPU. the power consumption calculation ^ans calS 

a fret power consumption value when the instructions stored in the first cache memory are transZ^reSy to Z 
CPU cateulates a second power consumption value when the instructions stored in the second Sch^ fre 
transferred to the CPU. and calculates a total power consumption of the microprocessor by uZ to M po^con 
sumption value when every m-th instruction is read to be executed by the CPU and by uL7Z sea,S » Z- 
, sumption value when the instructions other than the m-th instruction are read to be executed by^e cTu afT^eaZ 
operation for the plurality of instructions stored in the plurality of memories are initiated. 9 

e«J2 an f!l aSpeCt 0f ** present inventfon - in Pwer estimator for a microprocessor described above' when a 

3? t ^T>% Z J" 8 b T? inS<rUCti0a 3 iUmp inStruction and an ^to" 31 instiuclionrexeSedt toe 
CPUbywh.chan.nstruct.on execution order may be changed, the power consumption calculation means cStestoe 
total power consumption of the microprocessor by using the first power consunSon value for hSSfS 

raC^efa^ 

As another aspect of the present invention, in the power estimator for a microprocessor described above when a 

57 tZT™ TJ* 8 ^ inStrUCfcn ' a jump instruc,i0fl a " excepJonai ^SonTexe^C^ 
tote/i^wor'r^ ^ mstoction execution order may be changed, the power consumption calculation means^alculates the 

hS rrrrZ f °h J TT^^ by ° Sin9 *• SSCOnd ^ consumption value for the instructions^ 
than the zero-th or m-th instruction to be executed after the execution of the special instruction and bv usina the tZZt 
power consumption value tor every m-th instruction to be executed after the exe^on^^^StTan Te 
zero-th or m-th mstruction. and by using the second power consumption value for other instructions 

As another aspect of the present invention, in the power estimator for a microprocessor described above when a 
Sff 'I k SUC 38 8 bra " Ch inSfrUCtk>n - a iump instruction ** an e^ona! instrSTexe^edt^e 
tfons 2, 'SSXT"*" ^ ™* * Cha " 9ed " , 1,16 in *™*°" ^ution oroeToTSrin^c 

S"! ^ W 8 P ' Uralrty ° f '' ns1ructions ar « ^ecuted. the power consumption calculation means cateu- 

lates toe total power consumption of the microprocessor by using the first power consumption val^ta^ m £ 
-r^ructionaftertheexecutionofmepluralityofinstm^ 

and by us,ng toe second power consumption value for other inductions other than SSSto 

^Jr, an< f !I aSP 9 1 thS P reSent inven1ion ' in 106 ^ esfimator for a microprocessor described above when a 

8 ^ inS !, lJCti0n ' 3 JUmp inStruCtion an ■"*«*>" is exe^ed by toe 

tlnnc *I iT r 81 ™ 1 * 0 " exeCut,0n 0rt,er 156 Chan 9 ed - and when ^ Action execution order of m^nstruc 
5? °" e ° r 8 * instruction8 are *• P°wer consumption calcuSon meaSs cr- 

ates the total power consumption of the microprocessor by using the second power oonsumrion vSe^ Sl 
instructions less than the zero-th or m-th instruction to be executed after the mcuttatf ^SSS!m^JS1 
heex^noftoep^uralityofin^ 

he zT m rrr?s n t* tor ,r y ins,ruc,ion to * executed awer *• * * *J£22 3£ 

the zero-th or m-th mstruction. and by using the second power consumption value for other instructions 

rnn™?° ? K the preS6nt inventioni in *" P° wer estimator for a microprocessor described above, the power 

nu^2 1 w T C8 ' CyaleS *" t0ta ' P™" COnsum P tion * the microprocessor t^SSJE 

number of the instruct.ons to be read and transferred from each of the plurality of memories and bv muMnS Zl 

for each of toe plurality of memories, and by calculating a sum of the multiplied results obtained lor toe pluralitvcrfmem^ 
b ! 8ed J ,n thS ^ 01 1,16 fecial instructions such as a branch instiuction, a junplnSuSS «S£ 

!? 0th6r ^ ° f 1,16 present invention ' in 406 P 0 *^ esftiator for a microprocessor described above the cower 
coemption calculation means calculates the total power consumption of the microproces^ ^iteJn^toe 

8 P 055 '^ <* «ww of execution of a spectel instruction such as a branch inSnX aZ> 
rabuobon and an exceptional instruction executed by the CPU by which an instruction execution oder mat^c^ncS 
and a memory size of each of the plurality of memories. cnangea 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features, aspects and advantages of the present invention will become more apparent 
from the following detailed description of the present invention when taken in conjunction with the accompanying draw- 
5 ings, in which: 

FIG.1 is a diagram showing the configuration of the power estimator of the first embodiment according to the 
present invention and the configuration of a microprocessor whose power consumption will be estimated by the 
power estimator; 

10 FIG.2 is a diagram showing the configuration of the power estimator of the first embodiment according to the 
present invention. and another configuration of a microprocessor whose power consumption will be estimated by 
the power estimator; 

FIG.3 is a diagram showing instruction flows to be read from memories in a target microprocessor to be estimated 
shown in FIG.2; 

is FIG.4 is a diagram showing an example of instructions in a program to be estimated by the power estimator as the 
second embodiment according to the present invention; 

FIG.5 is a diagram showing instruction flows in a microprocessor to be estimated by the power estimator according 
to the second embodiment; 

FIG.6 is a diagram showing the state of instructions stored in a cache memory in the microprocessor to be esti- 
20 mated by the power estimator of the second embodiment; 

FIG. 7 is a diagram showing other instruction flows in a microprocessor to be estimated by the power estimator 
according to the second embodiment; 

FIG.8 is a diagram showing devices from which instructions are read when the instructions are executed; 
FIG.9 is a diagram showing devices from which instructions are read when instructions are executed after the exe- 
25 cution of a jump instruction is finished; 

FIG. 10 is a diagram showing a memory section and a central processing unit (CPU) section in a microprocessor to 

be estimated by the power estimator of the sixth embodiment according to the present invention; 

FIG.1 1 is a diagram showing an example of basic power consumption values estimated by a conventional power 

estimator; 

30 FIG.1 2 is a diagram showing an example of a power consumption of the instructions shown In FIG.8 obtained by 
the conventional power estimator by using the basic power consumption values shown in FIG.1 1 ; 
FIGs.13A and 13B are diagrams showing an example of basic power consumption values obtained by the power 
estimator of the sixth embodiment; 

FIG.1 4 is a diagram showing an example of the power consumption of the instructions shown in FIG.8 by using the 
35 basic power consumption values shown in FIGs. 1 3 A and 1 3B; 

FIG.1 5 is a diagram showing an example of instructions to be executed; 

FIG.16 is a diagram showing a state in which instructions are stored in a cache memory; 

FIG.1 7 is a diagram showing an instruction execution order and based on this order instructions are executed 

sequentially by a microprocessor to be estimated by the power estimator of the second embodiment according to 
40 the present invention; 

FIG. 18 Is a diagram showing an instruction execution order and based on this order instructions are executed in 

order by a microprocessor to be estimated by the power estimator of the third embodiment according to the present 

invention; 

FIG.19 is a diagram showing an instruction execution order and based on this order instructions are executed in 
45 order by a microprocessor to be estimated by the power estimator of the fourth embodiment according to the 
present invention; and 

FIG.20 is a diagram showing an instruction execution order, based on this order, instructions are executed in order 
by a microprocessor to be estimated by the power estimator of the fifth embodiment according to the present inven- 
tion. 

so 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Other features of this invention will become apparent through the following description of preferred embodiments 
which are given for illustration of the invention and are not intended to be limiting thereof. 
55 Preferred embodiments of the power estimator for estimating power consumptions of microprocessors or micro- 
computers according to the present invention will now be described with reference to the drawings. 
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First embodimem 



FIG.1 is a diagram showing the configuration of the power estimator 100 as the frst embodiment according to the 
present invention and the configuration of a microprocessor or a microcomputer 101 whose power consumption will be 
estimated by the power estimator 100. The power estimator 100 of the first embodiment according to the present inven- 
tion estimates the power consumption of the microprocessor 101 when instructions are executed. The microprocessor 
101 comprises a central processing unit (CPU) 5 and a plurality of memories 1. 2, 3 and 4 in which the instructions to 
be executed by the CPU are stored. The power estimator 1 00 of the first embodiment comprises a means for estimating 
a power consumption of each memory from which instructions to be executed by the CPU are read out a judging 
means for judging one of the plurality of memories 1 , 2, 3 and 4 from which an instruction to be executed by the CPU 5 
is read out, and a calculating means for calculating the power consumption of the instruction to be executed by the CPU 
5 by comparing the memory indicated by the judging means with a power consumption value for each instruction which 
has been measured and stored in a memory, for example. The power estimator 100 according to the present invention 
can be used as an evaluation tool for microprocessors having a plurality types of memories. The plurality types of mem- 
ories incorporated in the microprocessor are main memory, cache memories, buffer memories, instruction queue and 
the like, for example. 

In order to easily understand the operation of the power estimation performed by the power estimator 100 accord- 
ing to the first embodiment shown in FIG.1, we assume here that the microprocessor 101 shown in FIG.1 has a simple 
configuration in which two cache memories such as the cache memory 6 and the buffer 7 whose accessing speed is 
higher than that of the cache memory 6 and the number of instructions stored in the buffer 7 is four, as shown in FIG.2, 
namely, FIG.2 is the diagram showing the configuration of the power estimator 100 of the first embodiment according 
to the present invention and another configuration of the microprocessor 102 whose power consunption will be esti- 
mated by the power estimator 100. 

The function and the operation of the power estimator 100 of the first embodiment are as follows: 

Until instructions to be executed by the CPU 5 are read from the cache memory 6 as the first cache memory, at the 
same time, the maximum four instructions including the instruction which has already been read from the cache 
memory 6 into the CPU 5 are stored into the buffer 7 as the second cache memory and until the executions of all 
of the instructions stored in the buffer 7 are completed, 

First, the power estimator 100 calculates a first power consumption value when instructions to be executed by the 
CPU 5 are read from the cache memory 6; 

Second, the power estimator 100 calculates a second power consumption value of instructions to be executed by 
the CPU 5 are read from the buffer 7; and 

Finally, the power estimator 100 calculates the total power consunption of the microprocessor 102 by using the first 
power consumption value when every fourth instruction is read after instruction readout operation is initiated and 
by using the second power consumption value when instructions other than the fourth order instruction are exe- 
cuted. 



In the microprocessor 1 02 having the configuration shown in FIG.2, the power consumption value of each of routes 
A, B and C is calculated in advance by the power estimator 100 of the first embodiment. FIG.3 is a diagram showing 
instruction routes A, B and C through which instructions to be executed by the CPU 5 are transferred from the memories 
1 , 6 and 7 to the CPU 5 in the microprocessor 102 shown in FIG.2. In the instruction route A, the instruction to be exe- 
cuted by the CPU 5 is read from the main memory 1 to the CPU 5. In the instruction route B, the instruction to be exe- 
cuted by the CPU 5 is read from the cache memory 6 to the CPU 5. In the instruction route C, the instruction to be 
executed by the CPU 5 is read from the buffer memory 7 to the CPU 5. The power estimator 1 00 of the first embodiment 
reads each of the power consumption values corresponding to the routes A, B and C, then judges the instruction flow 
route through which the instruction to be executed by the CPU 5 is transferred to the CPU 5, and calculates the power 
consumption of the instruction to be executed by using the power consunption values based on the judged instruction 
route. 



Second embodiment 



Next, the function of the power estimator 200 for estimating the power consumption of microprocessors according 
to the second embodiment will be explained. 

The power estimator 200 of the second embodiment has the function, in addition to the function of the power esti- 
mator 100 of the first embodiment, that the first power consumption value is used when every fourth instruction execu- 
tion is executed and the second power consumption value is used when other instructions are executed after special 
instructions such as a branch instruction, a jump instruction, an exception processing and the like by which an instruc- 
tion flow is changed, are executed. 
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FIG.4 is a diagram showing an example of instructions in a program to be estimated by the power estimator 200 as 
the second embodiment according to the present invention. 

In the operation of the target microprocessor 102 to be estimated, for example, when the instructions are executed 
as shown in FIG.4, the instructions are read and transferred from the main memory 1 to both the cache memory 6 and 
5 the CPU 5 and then the instructions are executed by the CPU 5 at the same time during the first loop, as shown in 
FIG.5. In this case, the state of the instructions stored in the cache memory 6 is shown in FIG.6. 

Next, when the instructions in the same instruction group are executed again by a jump instruction, these instruc- 
tions are read from the cache memory 6, not from the main memory 1 . At this time, four instructions are stored into the 
buffer 7 at one time (see route B) in order to increase the operation speed of the microprocessor 102, as shown in 
10 FIG.7. After this operation, each instruction is read and transferred to the CPU 5 until the buffer 7 has no instruction (see 
route C). 

At this time, when the instruction to be executed flows through the route B, the power consumption is increased 
because the power consumption of the cache memory 6 is greater than that of the main memory 1 and the buffer 7. 
When the instruction to be executed flows through the route C, the power consumption is decreased because the power 

75 consumption of the buffer memory 7 is smaller than that of the cache memory 6. Thus, in order to estimate the power 
consumption of the instructions stored in the cache memory 6 accurately, the power consumption of the instruction from 
the cache memory 6 and the power consumption of the instruction from the buffer memory 7 are measured in advance, 
for example stored into a memory in the power estimator 200 of the second embodiment Then, as shown in FK3.8, 
when the number of instructions to be stored from the cache memory 6 into the buffer 7 is "m" (the "m" is a positive inte- 

20 ger and the number "m" is four in this second embodiment.) at one time, the power estimator 200 of the second entxxJ- 
iment uses the power consumption value measured for the cache memory 6 when the "m"-th instruction is transferred 
or accessed and uses the power consumption value used for the buffer memory 7 when the instructions other than the 
M m"-th instruction are accessed or transferred. 

On the other hand, during the instruction execution processes described above, there is a case in which other 

25 instructions which are not stored in the buffer 7 are executed based on the execution of special instructions such as a 
jump instruction, a branch instruction, and an exception instruction by which the instruction execution order is changed. 

FIG.9 is a diagram showing devices from which instructions are read when instructions are executed after the exe- 
cution of a jump instruction is completed. 

For example, FIG.9 shows the instruction flow after the instructions in the instruction group shown in FIG.4 are exe- 

30 cuted according to the instruction flow shown in FIG.8. As shown in FIG.9, the instructions which are not stored in the 
buffer 7 are executed based on the execution of the jump instruction. In this case, the power estimator 200 of the second 
embodiment calculates the power consumption based on the case where an instruction is read from the cache memory 
6 every "m'-th instruction. Thus, the power consumption obtained by using the instruction route through which an 
instruction is read from the cache memory 6 is used for the following instruction executed immediately after the execu- 

35 tion of each of special instructions such as a jump instruction, a branch instruction, an exception instruction and the like 
is performed. Then, the power consumption of an instruction as every "m"-th instruction will be calculated by using the 
instruction route passing through the cache memory 6 and the power consumption of an instruction other than this 
instruction is calculated based on the route passing through the buffer memory 7. 

40 Third embodiment 

Next, the function of the power estimator 300 for estimating the power consumption of microprocessors according 
to the third embodiment will be explained. 

The feature of the power estimator 300 of the third embodiment is as follows: 

45 In the case that during the power consumption of the microprocessor 1 02 shown in FIG.2 is calculated by the power 
estimator 300 of the fourth embodiment the power consumption of the 0-th instruction in instruction execution order or 
the instruction that is less than the "m"-th instruction in execution order is calculated based on the power consumption 
value (the second power consumption value) used for the buffer memory 7, immediately after the special instructions 
such as a jump instruction, a branch instruction, an exception instruction by which the instruction execution order is 

so changed are executed. Then, the power consumption of an instruction of every m-th order in instruction execution order 
is calculated by using the power consumption value (the second power consumption value) used for the cache memory 
6 and the power consumption of an instruction other than this m-th order instruction is calculated by using the second 
power consumption value. 

FIG. 16 is a diagram showing a state in which instructions are stored in the cache memory 6. FIG. 17 is a diagram 
55 showing an instruction execution order, based on this order, instructions are executed in order by a microprocessor 102 
to be estimated by the power estimator 200 of the second embodiment according to the present invention. FIG.18 is a 
diagram showing an instruction execution order, based on this order, instructions are executed in order by the micro- 
processor 102 to be estimated by the power estimator 300 of the third embodiment according to the present invention. 

For example, as shown in FIG. 16 (where each numerical number designates an instruction to be executed, for 
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SS^^I!!?' 03 !^ iUm !L in8trUCti0n t0 jump me instruc,ion 3) - the °P eration * the power estimator 200 
of the second embodiment traces the execution route shown in FIQl7wr«nanin8tmctionstoredirXcache^rt»rv 
6 is executed. On the contrary, the operation flow of the power estimator 300 of the third embXnt ?s?^ TfolicT^ 
th™ ^^T? inSt if!i n 10 ? eXeCUted after 6X600,10,1 01 1,16 i um P 3 Action is read from the cache memory 6 

SL^Srjs ,nstru ?r 4) fe read from buffer memor y 7 and *• ««*b 

.nstructon after th.s is read from the cache memory 6. This means that instructions (the number "m" is 4 in !* thfad 
embodiment) are transfened from the cache memory 6 to the buffer memory 7 every one mny IS tar « « 

consumption of the microprocessor performing the operation described above. 
Fourth emhnrtimgnt 

The feature of the power estimator 400 of the fourth embodiment is as follows 

-fcHHT^SSIfi 'I!!? "H^ 61 " C0nSUmpti0n0,the microprocessor 102 shown in FIQ.2 is calculated by thepower 
estimator 400 of the fourth embodiment, when the instruction execution order is changed immediately^ onetrS^c 

E'nS.fJnf ^ i nstruo « on8 are — after the special instructions suchl a^unp ZS. a 

branch -nstrucbon. an exception instruction by which the instruction execution order is changed are ex«*S«^tn^e* 

STEEllS ,n8trUCfi ° n ° f 6Very inStrUCti ° n 6xeoution ord * fe by Sng *e 

£ h^JTI 3? 8Umpft ? n r** fer *• C8Che memor V 6 and the power consumption of SSSZ 

SfZlZ tTbuTn^ f 1 "^ * ^ — <*» ■"" P— «>"^ 

« k «T IQ ' - 9 fe 8 dia9fam Sh0Wi " 9 60 instruction execution order, based on this outer, instructions are executed in order 
Jy fte m f 102 tQ be esfi^ by ^ ^ embodimem acc^X t^e 

present mvention For example, the power estimator 400 of the fourth embodiment can estimate ZZSSti doww 
consumption of the microprocessor in which every fourth order fw is four in this ernbodim^Sn b reaSZZ 

instructions stored in the cache memory 6 shown in FIG. 16 are executed en me 

30 

Fjfth embodiment 

« The power estimator 500 of the fifth embodiment has the function which is the combination of the function of the 

01 *" emb0dinient 8nd ^ ^ ° f * e P ° Wer esfimator^o^fo^I S£l£2 

m J^°i S i diagram showing an instruction execution order in a microprocessor to be estimated by the power esti- 
mator 500 of the fifth embodiment Based on this instruction order shown in FIG.20. inatnKttamm S by t. 
EFT™"- ™ * F'Q 20 snows the instruction execution crfer in which an ir^ucSn^Tead or ZSr™ 

S£S TZ^TJT "T 7 per instruction executton ,ine *»" in F,Q16 « «SS5S S 

'nstructon from the cache memory 6 to the buffer memory 7 after the following instruction of a jump 
instruction is executed after this jump instruction is executed. ' ^ 

Because the function of the power estimators 300 and 400 have already been described above in detail these 
« explanation is omrtted here for brevity. When the miaopmcessor whose power cor^npZwiS^rnaS f JS 
power estmator 500 of the fifth embodiment executes the instructions shown in FIG.16^e micro^Z «£J m 

^ inS * l "* 0n eXeCUtfon 0rdW ^ in F,Q - 20 - ,n FK3 2 ° ™«£ rzs 
500 of the frfth embodiment can estimate accurately the power consumption of the microprocessor. 

50 Sixth amboriirp^rit 

The function of the power estimator 600 of the sixth embodiment is as follows- 
™JS!Tr eStimat0r ^?°! f * e SiXth 6mb0d| ment can estimate the power consumption of themicrop«>cessor 200 
mltvf^ nUmDef t0 ,n8lruc,,on8 10 be r6ad from 6ach memory, then multiplies the access rwrnbeXeach 

toZowe? cc flS f Zti 0 ?oS 5, ' 0n ^ me T y ' 8nd ^ *** 106 mul * ,i6d «*» of ^ memory to It 
n^&fSHT?^ 5 micropr u OC6ssor - based 0" the number of instructions to be executed by the CPU 5 the 
number of the special instructions such as a jump instruction, a branch instruction, an exception insfLction by wWch 
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the instruction execution order is changed, and the sizes of the memories such as the main memory 6 and the cache 
memory, the buffer memory 7. 

FIG.1 0 is a diagram showing the memory section 8 and the central processing unit (CPU) section 9 in the micro- 
processor 101 to be estimated by the power estimator 600 of the sixth embodiment according to the present invention. 
s For example, as shown in FIG. 10, the total power consumption of the microprocessor 101 can be obtained by adding 
the power consumption of the memory section 8 and the CPU section 9. That is, this can be expressed by the following 
equation: 

(Power consumption value during an instruction execution)(X)= (power consumption value of the CPU section 9)(Y) 
10 + (power consumption value of memory section 8)(Z), 

where (X), (Y), (Z) designate power consumption and (Y) and (Z) can be calculated independently. 

FIG.1 1 is a diagram showing an example of basic power consumption values estimated by a conventional power 

is estimator, and FIG. 12 is a diagram showing an example of a power consumption of the instructions shown in FIG.8 
obtained by the conventional power estimator by using the basic power consumption values shown in FIG.1 1. On the 
other hand, FIGs. 13A and 13B are diagrams showing an example of basic power consumption values used in the power 
estimator 600 of the sixth embodiment and FIG. 14 is a diagram showing an example of the power consumption of the 
instructions shown in FIG.8 by using the basic power consumption values shown in FIGs.13A and 13B. 

so For example, in order to calculate the power consumption value of each instruction shown in FIG.8, it must be per- 
formed to calculate a basic power consumption value shown in FIG.1 1 when the conventional power estimator is used 
where the power consumption of each of the memory section 8 and the CPU section 9 are not calculated independently 
or separately. In this case, the calculation result of the power consumption of the microprocessor performing the instruc- 
tions shown in FIG.8 becomes the values shown in FIG. 12 by using the relationship of the power consumption values 

25 shown in FIG.1 1; 

On the contrary, when the power consumption value of each of the memory section 8 and the CPU section 9 is cal- 
culated independently by the power estimator 600 of the sixth embodiment, only the power consumption values shown 
in FIGs.1 3A and 13B can be used to calculate the power consumption of the microprocessor. When those power con- 
sumption values shown in FIGs.13A and 13B are used, the total power consumption of the microprocessor shown in 

30 FIG. 14 can be calculated. It is apparent that the value shown in FIG. 14 is equal to the value shown in FIG. 12. 

Thereby, the power estimator 600 of the sixth embodiment calculates the power consumption of the microprocessor 
only by using (a + b) basic power consumption values, not by using the (aX b) basic power consumption values like the 
conventional power estimator. The power estimator 600 of the sixth embodiment according to the present invention 
make it possible to reduce the pattern numbers of the basic power consumption values which are calculated and stored 

35 in a memory in advance. 

Seventh embodiment 

Next, the function of the power estimator 700 for estimating the power consumption of microprocessors according 
40 to the seventh embodiment will be explained. 

The function of the power estimator 700 of the sixth embodiment is as follows: 

The power estimator 700 of the seventh embodiment can estimate the power consumption of the microprocessor 
200 calculates the access number to instructions to be read from each memory, then multiplies the access number for 
each memory by the power consumption of each memory, and then adds the multiplied value of each memory to obtain 

45 the total power consumption of the microprocessor, based on the number of instructions to be executed by the CPU 5, 
the probabilities of the executions of the special instructions such as a jump instruction, a branch instruction, an excep- 
tion instruction by which the instruction execution order is changed, and the sizes of the memories such as the main 
memory 6 and the cache memory, the buffer memory 7. 

The power estimator 700 of the seventh embodiment can estimates the power consumption of the microprocessor 

so by using the probability of numbers of read operations from the cache memory 6 which are caused irregularly based on 
external conditions. 

For example, when the microprocessor 102 shown in FIG.2 executes the 23-instructions based on the instructions 
described in a program whose number is 10, the number of readings from the main memory 6 is 9 and when the prob- 
ability of the branch instructions in the remaining 1 4-instructions is 14.3 percentage, it can be assumed to happen irreg- 
55 ularly the reading operation from the cache memory 6 per (1 00/ 4.3) = about 7 times. 

FIG.1 5 is a diagram showing an example of instructions to be executed. Therefore, as shown in FIG. 15, because 
the total number of instructions to be executed is 23, when the instruction group consisting of the 23 instructions is exe- 
cuted, it can be assumed to access the cache memory 6 four times (= 2X 2) and the number of instruction read from 
the cache memory 6 is 1 1 and the number of instructions read from the buffer memory 7 is 12. 
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In a case that the state described above is applied to the microprocessor comprising the main memory 1 the first 

TZ^rZL 2 ' *" 'T* T™ m6m0ry 3 ' *• buffer m& ™> 7 - •» Cp U 5 in Ich v ZSK'S K 
positive .nteger) are read from the cache memory 6 to the buffer 7. when the total number of iSllnSonZSJS ^ 

8 1 ST!L r S r 5 3 P""* inte9er) ' the total number 01 » 6 '""ructions to fsTSe 

*? ,S e [ c !" ta 9 e < r ,s a P° srtlve ^eger). the read cycle s from the cache memory caused irrepulariv becomes 
V ( • mS meanS ^ the read °P eration from «he cache memory will be happen per S pu \ l Ee^eTel 
.8 thenumber of instructions. Thiscyde becomes (q-tys t^^Lt^ioS^^t^^T 
Therefore the value [(q - 1)/ s]X ([a/ pj + 1) can be applied to the estimation of the power consumption of other 

™ { 1T f a T le microprocessor - tne P°« sr consumption value of the execution of an add instruction becomes 

memory 7. These two cases causes approximately 40 percentage difference in power consumption. By com^nsX 
th,s dflerence, the accuracy of the power consumption estimation for microprocessors performed by the pZS2 
tor 700 of the seventh embodiment can be increased. ^ 

^,^ d n e ^I ibed abWt in detei '' aCCOrding to the ^ estimator <* «" 6 resent invention, because the power con- 
^d 0 ?^^^ ICU,ated S USinQ <he po " -r COnSUmpfon **» " 6 ' ^mory from which EZ£L 

i«.« > ii2^!l!'^ i at>0Ve J? r0VFiC,dS * com f> ,0 *« clicclosor© o* the proferrecl embocfimerrte of the present i W ©mior. var- 

scope oMhe .nvention. Therefore the above description and illustration should not be construed as limiting thereof 
the invention, which is defined by the appended claims. ,mrang me scope of 



Claims 



1 • ^ P°* er estimator for a microprocessor having a central processing unit (CPU) and a plurality of memories for cal- 
bX^aTrladS^^^ 

power consumption calculation means for catenating a total power consumption of the microprocessor bv 
using the power consumptions, obtained by the calculation means, of the inaction, to bTSJbTthe 
CPU. read from the plurality of memories distinguished by the distinction means. * 

2. A power estimator tor a microprocessor as claimed in claim 1 . wherein 

-n. J*" 1 * 1 the instructions to 156 6X60016(1 b V *• CPU are transferred from a first cache memory tormina the nhi- 
ral,ty of memories to the CPU. and at the same time, when maximum m-instructions (^212 
counted from the first instruction to be firstly transferred from the first cache memory to the CPU !ZSS. 
second cache memory forming the plurality of memories, an access speed of the second ^££?££ 
Jan the access speed of the first cache memory and a memory size of the second ca<*e^7Ser£n 

a^TreXS^ 

and transferred to the CPU until the second cache memory stores no instruction to be executed by the CPU 

UlSZ !°? UmPti0n Ca ' CUlati "l™*™ CalCU ' a,eS 3 ,irSt ^ value when the instructions stored 

£ the fm cache memory are transferred directly to the CPU. calculates a second power consumption value when 

ESSUST ^ T* CSChe mem0ry ^ tranSferr6d t0 the CPU ' ^ calcuf atesTS, ^rcon 

ITTZZ * ^ <irSt °° nSUmpti0n ^ When «"> m * instruction?^ 

m ° * by US,n9 thS power consum P tion value when the instructions other than the 

3 ' eStimat ° r fof 3 micro P rocess01 ' as claimed in claim 2. wherein when a special instruction such as a branch 

induction, a jump instruction and an exceptional instruction is executed by theCPU tv^JS^SS. 

SE^ZI"" be 'If" 96 ' 1, *!f ^ consumption C3,cu,ation means calculates the totafpowe^rX 
of the m,croprocessor by us,ng the first power consumption value for every m-th instruction toKSXjE 
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CPU and by using the second power consumption value when the instructions other than the m-th instruction are 
read to be executed by the CPU, after reading operation for the plurality of instructions stored in the plurality of 
memories are initiated. 

4. A power estimator for a microprocessor as claimed in claim 2, wherein when a special instruction such as a branch 
instruction, a jump instruction and an exceptional instruction is executed by the CPU by which an instruction exe- 
cution order may be changed, the power consumption calculation means calculates the total power consumption 
of the microprocessor by using the second power consumption value for the instructions less than the zero-th or ru- 
th instruction to be executed after the execution of the special instruction, and by using the first power consumption 
value for every m-th instruction to be executed after the execution of the instructions less than the zero-th or m-th 
instruction, and by using the second power consumption value for other instructions. 

5. A power estimator for a microprocessor as claimed in claim 2, wherein when a special instruction such as a branch 
instruction, a jump instruction and an exceptional instruction is executed by the CPU by which an instruction exe- 
cution order may be changed and when the instruction execution order of the instructions is changed after one or 
a plurality of instructions are executed, the power consumption calculation means calculates the total power con- 
sumption of the microprocessor by using the first power consumption value for every m-th instruction after the exe- 
cution of the plurality of instructions are performed after the execution of the special instruction, and by using the 
second power consumption value for other instructions other than every m-th instruction. 

6. A power estimator for a microprocessor as claimed in claim 2, wherein when a special instruction such as a branch 
instruction, a jump instruction and an exceptional instruction is executed by the CPU by which an instruction exe- 
cution order may be changed, and when the instruction execution order of the instructions is changed after one or 
a plurality of instructions are executed, the power consumption calculation means calculates the total power con- 
sumption of the microprocessor by using the second power consumption value for the instructions less than the 
zero-th or m-th instruction to be executed after the execution of the following instruction after the execution of the 
plurality of instructions are performed after the execution of the special instruction, and by using the first power con- 
sumption value for every m-th instruction to be executed after the execution of the instructions less than the zero- 
th or m-th instruction, and by using the second power consumption value for other instructions. 

7. A power estimator for a microprocessor as claimed in claim 1 , wherein the power consumption calculation means 
calculates the total power consumption of the microprocessor by calculating the number of the instructions to be 
read and transferred from each of the plurality of memories, and by multiplying the number of the instructions to be 
read for each of the plurality of memories with the power consumption value obtained for each of the plurality of 
memories, and by calculating a sum of the multiplied results obtained for the plurality of memories, based on the 
number of the special instructions such as a branch instruction, a jump instruction and an exceptional instruction 
executed by the CPU by which an instruction execution order may be changed and a memory size of each of the 
plurality of memories. 

8. A power estimator for a microprocessor as claimed in claim 2, wherein the power consumption calculation means 
calculates the total power consumption of the microprocessor by calculating the number of the instructions to be 
read and transferred from each of the plurality of memories, and by multiplying the number of the instructions to be 
read for each of the plurality of memories with the power consumption value obtained for each of the plurality of 
memories, and by calculating a sum of the multiplied results obtained for the plurality of memories, based on the 
number of the special instructions such as a branch instruction, a jump instruction and an exceptional instruction 
executed by the CPU by which an instruction execution order may be changed and a memory size of each of the 
plurality of memories. 

9. A power estimator for a microprocessor as claimed in claim 1 , wherein the power consumption calculation means 
calculates the total power consumption of the microprocessor by calculating the number of the instructions to be 
read and transferred from each of the plurality of memories, and by multiplying the number of the instructions to be 
read for each of the plurality of memories with the power consumption value obtained for each of the plurality of 
memories, and by calculating a sum of the multiplied results obtained for the plurality of memories, based on a pos- 
sibility of an occurrence of execution of a special instruction such as a branch instruction, a jump instruction and an 
exceptional instruction executed by the CPU by which an instruction execution order may be changed and a mem- 
ory size of each of the plurality of memories. 

10. A power estimator for a microprocessor as claimed in claim 2, wherein the power consumption calculation means 
calculates the total power consumption of the microprocessor by calculating the number of the instructions to be 
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read and transferred from each of the plurality of memories, and by multiplying the number of the instructions to be 
read for each of the plurality of memories with the power consumption value obtained for each of the plurality of 
memories, and by calculating a sum of the multiplied results obtained for the plurality of memories, based on a pos- 
sibility of an occurrence of execution of a special instruction such as a branch instruction, a jump instruction and an 
exceptional instruction executed by the CPU by which an instruction execution order may be changed and a mem- 
ory size of each of the plurality of memories. 
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FIG. 7 
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FIG. 11 
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FIG. 14 
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